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Acute pancreatitis in peritoneal dialysis and haemodialysis: risk, clinical course, outcome, and possible aetiology M J Bruno, D J van Westerloo, W T van Dorp, W Dekker, J Ferwerda, G N J Tytgat, N H Schut Abstract Background-It has been suggested that the incidence of acute pancreatitis in patients with end stage renal failure is increased. Aims-To assess the risk of acute pancreatitis in patients on long term peritoneal dialysis and long term haemodialysis compared with the general population, to evaluate its clinical course and outcome, and to identify possible aetiological factors. Patients-All patients who were maintained on long term peritoneal dialysis and/or haemodialysis (total dialysis time more than six weeks) from January 1989 to March 1998 in a large general hospital in The Netherlands. Methods-Retrospective cohort study. Standardised ratios (as an approximate relative risk) between the incidence of acute pancreatitis in haemodialysis or peritoneal dialysis and the general population were calculated. Possible risk factors were identified. Patients with and without acute pancreatitis were compared. Results-In 269 patients on haemodialysis (total of 614 person years), one patient developed an attack of acute pancreatitis. Patients on haemodialysis did not show an increased risk for acute pancreatitis compared with the general population (standardised ratio 11; 95% confidence interval (CI) 0.275 to 60.5). In 128 patients on peritoneal dialysis (total of 241 person years), seven patients had nine attacks of acute pancreatitis. Patients on peritoneal dialysis had a significantly and highly increased risk for acute pancreatitis (standardised ratio 249; 95% CI 114 to 473). Mortality in this series of nine attacks was 11%. No single aetiological risk factor could be identified. Conclusions-The risk of acute pancreatitis in patients on long term peritoneal dialysis is significantly and highly increased compared with the general population. The underlying causal mechanisms remain to be elucidated. (Gut 2000; 46:385-389) Keywords: acute pancreatitis; epidemiology; incidence; renal insuYciency; haemodialysis; peritoneal dialysis
In 1985 a case report was published on two patients with end stage renal failure who developed acute pancreatitis during continuous ambulatory peritoneal dialysis.
1 This raised the question whether patients with end stage renal failure undergoing dialysis have an increased risk for acute pancreatitis. 2 Subsequent reports seemed to confirm this assumption. [3] [4] [5] Some studies reported a significantly higher incidence of acute pancreatitis in patients on peritoneal dialysis compared with patients on haemodialysis. 3 Others, however, did not confirm this observation. 4 We have reviewed all the clinical data of patients undergoing long term peritoneal dialysis and/or haemodialysis in our dialysis centre over a nine year period. We assessed whether the incidence of acute pancreatitis in these patients is increased compared with the general population and calculated risk estimates. Furthermore, we evaluated its clinical course and outcome and attempted to identify possible aetiological factors.
Patients and methods
We retrospectively reviewed all medical data of patients undergoing chronic dialysis at the dialysis centre of the Kennemer Gasthuis, lokatie Elizabeth Gasthuis, Haarlem, The Netherlands, from January 1989 to March 1998. Chronic dialysis was defined as a total dialysis period longer than six weeks. Medical data that were reviewed included medical charts, laboratory reports, and reports from radiological investigations. An extensive database was created in which demographic data, data relating to dialysis (total dialysis time, type of dialysis, periods of dialysis, number of transplantations, cause of renal failure), and data relating to periods of pancreatitis (number of attacks, presenting symptoms, alcohol consumption, concomitant medication, history of peritonitis, amylase/lipase/calcium/triglyceride concentrations, peritoneal fluid cell counts and cultures, peritoneal fluid concentrations of amylase and lipase, findings on imaging investigations, total length of hospital stay, complications, and clinical course and outcome) were scored.
Acute pancreatitis was defined as a period with acute abdominal pain and discomfort with a more than threefold transient increase in serum amylase and/or lipase. To obtain "nor-mal" values of amylase and lipase activities in plasma and peritoneal fluid we randomly selected nine patients on long term haemodialysis and nine patients on long term peritoneal dialysis who had no history of acute pancreatitis. At the time of blood sampling none of these patients had symptoms or signs compatible with acute pancreatitis. In the random selection of patients on long term peritoneal dialysis without acute pancreatitis we also determined triglyceride and calcium concentrations. In order to identify possible aetiological risk factors for acute pancreatitis in peritoneal dialysis, we compared these "normal" values with concentrations in patients on peritoneal dialysis during their attack of acute pancreatitis.
STATISTICS
The incidence of acute pancreatitis in haemodialysis or peritoneal dialysis during the study period was calculated by dividing the number of cases by the total number of patients at risk. We calculated risk estimates such as the number of attacks of acute pancreatitis per person year and the number of patients per person year. The standardised ratio (incidence in haemodialysis or peritoneal dialysis/ incidence in general population) was calculated together with its 95% confidence interval (CI). The incidence of acute pancreatitis in The Netherlands from 1985 to 1995 was 15 per 100 000 person years. 6 This incidence rate was used to calculate the standardised ratios. Additionally, to test the firmness of these outcomes, "worst case" calculations were performed using the lowest and highest reported incidence of acute pancreatitis in northern Europe. The estimated incidence of acute pancreatitis in the general population for northern European countries is reported to be in the range from 5 to 73 per 100 000 person years. [7] [8] [9] [10] [11] For comparison of continuous variables, appropriate t tests or non-parametric tests were used. For categorical data, the 2 test for trend was used. DiVerences between groups were considered significant if the p value was less than 0.05 for a two tailed test.
Results

HAEMODIALYSIS
There were 269 patients (167 men and 102 women) undergoing long term haemodialysis. Their mean age was 64 years (range 22-87). The total duration of haemodialysis in these 269 patients was 614 person years (median duration 19 months, range 2-202). During this period one patient developed an attack of acute pancreatitis. The incidence of acute pancreatitis over the study period (9.3 years) was 0.4% (1/269). There were 0.0016 (1/614) attacks (and patients) of (with) acute pancreatitis per person year. The standardised ratio between the incidence of acute pancreatitis in haemodialysis and the general population was 11 and not significantly diVerent from 1 (95% CI 0.275 to 60.5). Using the lowest reported incidence in northern European countries (5 per 100 000 person years) the standardised ratio was 54 (95% CI 0.825 to 181), still showing no significantly increased risk.
The patient on haemodialysis who had an attack of pancreatitis finally underwent surgery because of an acute cholecystitis. During surgery a stone was found in the gall bladder neck. Peroperative cholangiography did not show stones in the common bile duct. As increases in amylase, lipase, and cholestatic liver tests were present before surgery and already dropping, pancreatitis in this patient was probably owing to a common bile duct stone or stones that had passed spontaneously. The clinical outcome was uneventful. The overall mortality rate of acute pancreatitis in patients on haemodialysis was 0%.
PERITONEAL DIALYSIS
There were 128 patients (84 men and 44 women) undergoing long term peritoneal dialysis. Their median age was 59 years (range 20-81). The total duration of peritoneal dialysis in these 128 patients was 241 person years (median duration 17 months, range 2-92). During this period seven patients had nine attacks of acute pancreatitis. The incidence of acute pancreatitis in peritoneal dialysis during the study period (9 years and 3 months) was 5.4% (7/128). There were 0.037 (9/241) attacks of acute pancreatitis per person year and 0.029 (7/241) patients per person year. The standardised ratio between the incidence of acute pancreatitis in peritoneal dialysis and the incidence in The Netherlands was 249, and highly and significantly diVerent from 1 (95% CI 114 to 473). Using the highest reported incidence in northern European countries (73 per 100 000 patient years) the standardised ratio is 51 (95% CI 23 to 97), still showing a significantly increased risk. The incidence of acute pancreatitis between long term haemodialysis and peritoneal dialysis was also significantly diVerent (p<0.001).
Presentation and patient history
Six patients had one attack of acute pancreatitis. One patient had three attacks. In between these attacks this patient had no abdominal complaints and serum amylase and lipase concentrations returned to normal. Median time on peritoneal dialysis until the attack of acute pancreatitis was 16 months with a wide range of 3-48 months. Four of seven patients had been maintained only on peritoneal dialysis and had never undergone haemodialysis. Three of seven patients had earlier episodes of haemodialysis (durations of 1, 20, and 41 months). Two of seven patients had a history of renal transplantation with rejection. None of the patients used medication known to be causally related to acute pancreatitis. 12 None of the patients had a history of alcohol abuse. Only two of seven patients had a history of peritonitis. Table 1 lists the (peak) serum amylase, (peak) serum lipase, amylase, and lipase concentrations in peritoneal fluid for each individual patient together with the results of both imaging techniques and a selection of outcome parameters. Table 2 lists the mean/median outcomes of (peak) serum amylase, (peak) serum lipase, amylase, and lipase concentrations in peritoneal fluid, triglyceride concentration, and calcium concentration in patients on long term peritoneal dialysis who suVered from an attack of acute pancreatitis and the random selection of patients on peritoneal dialysis who did not. Serum triglyceride and calcium concentrations did not diVer significantly between both groups. In all of the randomly selected patients on peritoneal dialysis without acute pancreatitis, peritoneal lipase and amylase concentrations were below 10 U/l and 30 U/l, respectively. Peritoneal lipase concentrations rose above 10 U/l during seven of the total of nine attacks of acute pancreatitis. Peritoneal amylase concentrations rose above 30 U/l during five attacks. Five patients had negative peritoneal fluid culture. Four of these patients had normal peritoneal fluid cell counts while one patient had a cell count of 1100 cells/mm. In two patients peritoneal fluid cultures were positive (Gram positive cocci and Gram negative rods with yeast). These patients had peritoneal fluid cell counts of 27 and 2700 cells/mm, respectively.
Laboratory data
Imaging investigations
Ultrasound (US) showed a normal pancreas in two patients, pancreatitis in three patients, and could not visualise the pancreas in the remaining two patients (table 1) . Computed tomography (CT) showed signs of pancreatitis in six patients. The patient with negative CT findings showed signs of pancreatitis during US. Most probably, this is explained by the fact that the CT scan was performed a few days after the US examination at which time the swelling of the pancreas had already disappeared. In the patient who had three attacks of pancreatitis, CT showed oedema of the pancreatic tail area only during the first attack. CT was normal during the subsequent two attacks. Endoscopic retrograde cholangiopancreatography (ERCP) was performed in three patients. In one patient choledocholithiasis was found and the calculi were removed; in one patient it was normal, and in one patient cannulation failed.
Clinical course, outcome, and possible aetiology
The median number of days spent in the hospital was 37 (range 16-113). Five patients had oedematous pancreatitis while in two patients necrotising pancreatitis developed. Three patients developed pseudocysts. One patient died 113 days after hospital admission. This patient developed a large pseudocyst that was drained transgastrically by means of endoscopy. Because of a persisting bleed from the puncture aperture she underwent a laparotomy at which time areas with extensive pancreatic necrosis were found. Debridement and a cystgastrostomy were performed. This patient finally died because of respiratory insuYciency and multiple organ failure. All the other patients recovered uneventfully. The overall mortality rate of acute pancreatitis in peritoneal dialysis calculated per patient was 14% (1/7) and counted per attack 11% (1/9). †Times that risk factor was present during a total of nine attacks of acute pancreatitis. +, yes; −, no; NA, not available; HC, hypercalcaemia; HT, hypertriglyceridaemia; CH, choledocholithiasis; AL, alcohol; TH, transplantation history; ME, medication; HP, history of peritonitis; CP, concomitant peritonitis. 
Discussion
At postmortem examinations pancreatic abnormalities are reported in up to 60% of patients who were maintained on long term haemodialysis. [13] [14] [15] Histological changes were found to be diVusely present throughout the pancreas and included duct ectasia, periductal fibrosis, ductular proliferation, acinar ductular metaplasia, inspissated secretions, atrophy, thickening and fibrosis of arterioles, haemosiderin deposits, calcifications, amyloidosis, hyalinisation, cystic changes, necrosis of peripancreatic fat, and abscess formation. This high prevalence of pancreatic pathology after long term haemodialysis does not seem to match the incidence of clinically observed pancreatic disease (for example, acute/chronic pancreatitis and exocrine pancreatic insuYciency). However, the true incidence and prevalence of exocrine pancreatic insuYciency in long term haemodialysis or peritoneal dialysis is unknown. Autopsy data regarding patients who were maintained on long term peritoneal dialysis are not available.
In patients with renal insuYciency concentrations of gastrointestinal hormones such as cholecystokinin, serum gastric inhibitory polypeptide, and glucagon are significantly increased in relation to the degree of renal impairment. 16 During long term haemodialysis these increased hormone concentrations do not return to normal. This increase in hormone concentrations causes hypersecretion of pancreatic enzymes, predominantly trypsin. 17 The continued stimulation of the exocrine pancreas by cholecystokinin may account for the morphological changes that are observed in these patients. This may eventually lead to impaired pancreatic function. Therefore, in the diVerential diagnosis of the wasting syndrome that is sometimes seen in patients on chronic dialysis, exocrine pancreatic insuYciency with energy losses owing to steatorrhoea should be considered. 18 In the absence of acute pancreatitis, plasma concentrations of amylase and lipase are frequently increased in uraemic patients and patients on chronic dialysis, both haemodialysis and peritoneal dialysis. 19 However, serum amylase activity greater than a threefold increase, together with acute onset abdominal pain is suggestive of acute pancreatitis. If there is doubt, determination of amylase isoenzymes, serum lipase concentrations, and lipase and amylase concentrations in the peritoneal fluid are useful to help distinguish a pancreatic from a non-pancreatic aetiology. 20 Whenever a patient on long term peritoneal dialysis presents with acute onset abdominal pain, even in the presence of increased concentrations of amylase and/or lipase, (concomitant) bacterial peritonitis should be excluded by peritoneal fluid cell counts and cultures. If dialysate amylase concentrations are at least 100 IU/l, acute pancreatitis is highly probable. In our patients, taking into consideration the clinical picture, the results of laboratory investigations (together with resolution to normal concentrations after the attacks), and the outcome of the imaging investigations, the diagnosis acute pancreatitis seems without doubt.
The 10 year incidence of acute pancreatitis in patients with end stage renal disease (without further specification as to whether or not and what type of renal replacement therapy was started) is reported to be around 2.5%. 3 21 In our series the 10 year incidence (recalculated from 9.25 years) was 0.4% for haemodialysis and 5.8% for peritoneal dialysis. The incidence per 100 person years is reported to be in the range from 0.63 to 1.41 in long term haemodialysis and from 0.46 to 4.3 in long term peritoneal dialysis. 3 5 21 We found incidence rates of 0.16 and 4.3, respectively. The remarkably lower incidence rate of acute pancreatitis in peritoneal dialysis (0.46 per 100 person years) reported by Pannekeet et al may be owing to recall bias. In this study, cases of acute pancreatitis during peritoneal dialysis were identified by means of interviews with nephrologists in dialysis centres. It is not unlikely that physicians who were interviewed were more likely to recall the more severe cases. This seems also to be reflected by the extremely high mortality rate of 58% in this series. Other groups also observed a high mortality rate but, as stated by the authors, less severe cases of acute pancreatitis may easily have been missed because symptoms of acute pancreatitis were often similar to those of dialysis associated peritonitis. 2 We observed a mortality rate of 11% of acute pancreatitis in long term peritoneal dialysis that does not diVer from the reported overall (general population) mortality rate of acute pancreatitis in controlled clinical trials. In agreement with previous studies we noted that acute pancreatitis occurred more frequently in peritoneal dialysis than in haemodialysis. 2 3 21 In fact, in our series we observed no increased risk for acute pancreatitis for patients on haemodialysis compared with the general population. The 95% confidence interval, however, is very broad. One additional patient on haemodialysis with acute pancreatitis would yield a rate ratio of 21.7 (95% CI 2.63 to 78.4), indicating a significantly higher risk of acute pancreatitis in haemodialysis.
Of great interest and significant importance is the pathophysiological mechanism that may be responsible for the highly increased risk of acute pancreatitis in long term peritoneal dialysis. At first our results suggested that it is associated with the act of peritoneal dialysis and not with renal insuYciency as such. However, as stated above, the sample size may have been too small to detect a statistically significant diVerence between the general population and patients on haemodialysis. Others did find a higher incidence of acute pancreatitis in haemodialysis compared with the general population. An increased incidence of acute pancreatitis after renal transplantation is also reported but may be related to the surgery and the use of immunosuppressive agents. The risk of developing pancreatitis in long term peritoneal dialysis may be explained by a summation of separate risk factors: general population risk factors, risk factors related to renal insuYciency (uraemia, secondary hyperparathyroidism with hypercalcaemia, hypertriglyceridaemia, use of drugs), and as yet unidentified risk factors related to the act of peritoneal dialysis. With respect to the latter one could speculate that chronic infusion of a large amount of fluid with a non-physiological composition under non-physiological high intraabdominal pressure renders the pancreas more susceptible to parenchymal damage. Impairment of microvascularisation and hypoxaemia may induce premature activation of proteolytic enzymes, thereby provoking acute pancreatitis. The increase in intra-abdominal pressure during long term peritoneal dialysis is considerable and is known to cause complications such as herniation, prolapse of the uterus or rectum, and rarely hydrothorax. The composition of the dialysate may also (indirectly) influence factors known to be related to acute pancreatitis such as induction or aggravation of hyperglycaemia because of high glucose concentrations leading to hyperlipidaemia. Moreover, increased concentrations of pancreatic stimulating hormones together with the high prevalence of morphological changes may render the pancreas more susceptible to stimuli that potentially provoke acute pancreatitis.
More than one "known" or proposed risk factor was present in four of seven patients (table 2), the most prevalent one being hypertriglyceridaemia in four of seven patients. However, serum triglyceride concentrations below 5.64 mmol/l are less likely to be associated with pancreatitis and this level was exceeded in one patient only (9.3 mmol/l). 22 Overall there was no statistically significant difference between serum triglyceride concentrations in patients on long term peritoneal dialysis with and without acute pancreatitis. The cumulative eVect of increased triglyceride concentrations as well as increased calcium concentrations (possibly masked by low albumin concentrations) is not known. The cumulative duration of chronic dialysis did not seem to be a determining factor in our study. This is in agreement with Padilla et al who also observed a wide range in the time interval between the start of treatment and the onset of acute pancreatitis for both haemodialysis and peritoneal dialysis. 21 Others suggested that a history of recurrent or concomitant episode(s) of peritonitis might be a risk factor for acute pancreatitis by leakage of infected peritoneal fluid into the lesser sac or haematogeneous spread to the peripancreatic region. Based on our results we cannot refute or confirm this hypothesis.
From the results of our series and previous studies it becomes clear that there is no single aetiological factor that accounts for the increased incidence of acute pancreatitis in peritoneal dialysis. Its pathophysiological mechanism seems multifactorial. There seems to be a stepwise risk increase for acute pancreatitis from the general population to patients with renal insuYciency (who may be maintained on haemodialysis) and finally to patients on long term peritoneal dialysis. The latter step, according to the results of this study, adds greatly to the overall risk. The causal mechanism by which long term peritoneal dialysis increases the risk of acute pancreatitis remains as yet unknown.
